The purpose of this study was to understand the experience of parenting an adolescent with type 1 diabetes (T1DM), to develop a prototype of an eHealth program for parents of adolescents with T1DM, and to evaluate the prototype content and acceptability from the perspective of parents and health care providers.
Methods
A multiphase method was used generating both qualitative and quantitative data at multiple time points. There were 27 parents of adolescents aged 12 to 18 years with T1DM and 16 health care providers who participated in semistructured interviews to identify parental challenges; 53 parents and 27 providers evaluated the prototype. Thematic content analysis was used to analyze interview transcripts, and descriptive statistics were used to summarize survey data.
Results
Challenges experienced by parents of adolescents with T1DM included understanding the developmental and hormonal changes of adolescence that affect diabetes care, feeling tension between adolescent independence and parent control, communicating without nagging or conflict, transferring diabetes care responsibility safely, dealing with feelings of stress and distress, and perceiving a lack of resources for T1DM care and insufficient
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Program for Parents of Adolescents With Type 1 Diabetes personal time for self-care. In the prototype evaluation, both parents and providers found content to be relevant and provided feedback to guide the development of the full program.
Conclusions
Parents of adolescents with T1DM and providers expressed a need for parents to have more support in transitioning diabetes care from parent to adolescent. eHealth programs offer an ideal way to address these needs and ultimately can be linked to electronic medical records improving quality and efficiency of health care in this population.
T ype 1 diabetes (T1DM) is one of the most common chronic illnesses in children, affecting 1 in 400, 1 with evidence that its prevalence is increasing worldwide. 2 Parents of children with T1DM are responsible for a labor-intensive and complicated daily regimen that has been described as an overwhelming experience, requiring constant vigilance. 3 Intensive management of T1DM requires frequent blood glucose monitoring, multiple insulin injections or use of an insulin pump, frequent alterations in insulin dose to match changing diet and activity patterns, and regular visits to health care providers.
As children reach adolescence and become more independent (12-18 years) , there is increasing need for autonomy in diabetes management (afterschool activities, more time away with friends, learning to drive, etc). At the same time, greater independence, awareness about friends' perceptions of their condition, and the hormonal changes that occur during puberty can lead to lower adherence to the treatment regimen, poor metabolic control, and subsequent complications. 4 Later in adolescence (18-20 years), youth often transition to independent living, requiring complete independence in diabetes selfmanagement. Consistent across these developmental phases is parental stress and distress, which parents describe as "constant worry" and "chronic sorrow." 5 Despite initiatives to screen for and treat psychosocial problems in caregivers of people with diabetes, 6 most providers do not have adequate time or resources to assess or treat these factors in the context of clinical visits.
Parents of children with T1DM report elevated rates of perceived stress and demonstrate an increased risk for depression and anxiety, with the prevalence of clinically significant symptoms ranging from 19% to 74%. [7] [8] [9] Parental psychosocial stress has negative health implications for the parent, the overall functioning of the family, the psychological adjustment of their child with diabetes, diabetes management, 2,10,11 and health outcomes (ie, metabolic control). [12] [13] [14] [15] [16] For example, reports of higher parental depressive symptoms have been associated with lower parental monitoring of diabetes management, 12 which plays an important role in daily decision making. On the other hand, higher parental anxiety has been associated with greater parental involvement in diabetes management and less shared management, decreased ability of parents to learn how to manage diabetes, and lower parental self-efficacy, 11, 17 all of which could contribute to suboptimal T1DM management as well as conflict between parent and child.
Despite these well-documented psychosocial needs, parents often perceive an absence of support from health professionals and a lack of understanding on the appropriate transfer of diabetes care to their child, particularly during adolescence. [18] [19] [20] In addition, parents tend to primarily focus on their child's health, rather than their own, lacking recognition that their psychological health is critical to their child's well-being. Parents of children with T1DM need psychoeducational resources to decrease stress/distress, enhance their coping skills, and promote optimal self-management. An eHealth intervention for parents may offer a solution to meet these needs in a cost-efficient, widely accessible manner.
Family-based programs for parents and children with T1DM have been developed and evaluated, 21 -25 yet these programs have not been widely disseminated due to the complexity of programs, associated costs, and a lack of access to professionals to implement the program. There are numerous commercial websites and smartphone apps for parents of children with T1DM (eg, American Diabetes Association, Nightscout) that provide content on diabetes management, social networking, and the ability to track blood sugars and insulin doses. While these are important resources for parents of children with T1DM, few are evidence based, and none offer a comprehensive approach to address the unique stressors of parents during the adolescent transition.
eHealth represents an excellent mode of delivery for a program for parents of children with T1DM across the spectrum of age, sex, socioeconomic status (SES), and race/ethnicity. Access to eHealth, particularly with multiple devices such as tablets and smartphones, is increasingly available to families with diverse race, ethnic, and SES backgrounds. 26, 27 An eHealth psychoeducational program offers many advantages, including the ability to standardize content, use multimedia in a highly interactive interface, tailor content to individual responses, reach parents who may not have access to in-person psychosocial support, provide a tool clinicians can share with parents, and allow parents to participate at convenient times and/or in times of need.
In line with the recent call from the American Diabetes Association to address the psychosocial needs of people with diabetes and their caregivers, the purpose of this study was to understand the experience of parenting an adolescent with T1DM from the perspective of parents and health care providers, to develop a prototype of an eHealth program for parents of adolescents with T1DM, and to evaluate the prototype content and acceptability from the perspective of parents and health care providers.
Design, Methods, and Results by Phase
This research was conducted in 3 phases. During phase I, in-depth qualitative interviews were conducted with parents of adolescents with T1DM and health care providers to understand the challenges and needs during this developmental transition. 28, 29 In phase II, a prototype of the eHealth program (Type 1 Teamwork) was developed, and in phase III, a mixed-methods evaluation of the prototype was conducted with parents and providers. The study was approved by Yale University and New England Research Institutes Institutional Review Boards, and informed consent was obtained from all parents and providers. Trained researchers conducted all data collection and analysis. Parents of adolescents (12-18 years old) with T1DM were recruited through a pediatric endocrinology clinic in New Haven, the Juvenile Diabetes Research Foundation (JDRF) local chapters, Yahoo social media groups of parents of adolescents with T1DM, online discussion forums support groups (eg, childrenwithdiabetes.com forum, Parents of T1DM Facebook group), and Craigslist.
Health care providers were recruited through the same pediatric endocrinology clinic, professional meetings, and professional listservs.
Semistructured interview guides were used to conduct interviews (phone or in-person) with parents of adolescents with T1DM and focus groups (in-person) with providers. Data were collected on their experiences/challenges in parenting adolescents with T1DM, their health care needs, and factors to consider in developing an eHealth program on this topic. Results of these interviews informed the development of a prototype of an eHealth program for parents of adolescents with T1DM.
Interviews and focus groups were audio-recorded and transcribed by a professional transcription service and imported to a qualitative analysis program (Atlas.ti™). Data were analyzed both inductively (eg, what did parents say about communication) and deductively (eg, what did parents identify as particularly important considerations) using thematic content analysis. 30 Analysts identified a preliminary start list of codes via line-by-line coding or "open coding." 31 Once a comprehensive code list was developed, all transcripts were coded, codes were collapsed into themes, and quotations exemplifying each theme were identified to illustrate how parents and providers conceptualized the central issues. Throughout the interpretation, the analysts applied principles for enhancing rigor and credibility: transparency of method, maximization of validity (including attention to deviant cases), maximization of reliability (including frequency counts of themes), constant comparison within the data set and within a case, and a reflexive approach to analysis. 30 
Results
A total of 27 parents T1DM participated in these interviews. The sample was 96% female, the majority were white (85%), and all were parents with adolescents between 12 and 18 years of age with T1DM. More than half of the participants had adolescents with a diagnosis duration of 1 to 5 years, and they were equally split in terms of male and female youth (Table 1) . Providers (n = 16) had a variety of backgrounds, including endocrinologists, nurse practitioners, physician assistants, diabetes educators, psychologists, and primary care physicians (Table 2 ). Providers were primarily white (94%), female (88%), and more likely to be experienced in the care of adolescents with type 1 diabetes (70% of providers reported over 10 years of experience).
Both parents and providers expressed enthusiasm about the proposed program and voiced a need for a comprehensive resource addressing this critical transition. Six overarching challenges emerged through a combined analysis of parent and provider transcripts (Table 3) : (1) gaining a better understanding of the developmental and hormonal changes that occur during adolescence that can affect diabetes care; (2) balancing the tension between adolescent independence and parent control; (3) knowing how to communicate about diabetes care without "nagging" or initiating conflict; (4) determining how to transfer diabetes care responsibility in a safe and effective manner; (5) managing personal feelings of worry, anxiety, and stress and insufficient personal time for self-care; (6) and perceiving a lack of resources for T1DM care during adolescence in particular. To fill a gap in existing resources, these challenges and subsequent needs directly informed the content areas of the Type 1 Teamwork eHealth program A list of these content themes with corresponding illustrative quotes from parents and providers is included in Table 3 .
Phase II: Develop Web-Based Program Prototype
Upon completion of the analysis of the interviews with parents and the focus groups with providers, a prototype of the Type 1 Teamwork program was created to reflect the identified challenges parents of adolescents with T1DM typically encounter. Clinical consultants provided expert advice on the development of the content. The prototype included the logo, landing page, placeholders for content themes, content for one learning module, a mock-up of individual family stories, and examples of interactivity (ie, self-assessments, checklists, slideshows, videos). The learning module developed for the prototype, "Parents as Partners," was designed to illustrate the range of content and technological approaches that would ultimately be included in the complete program. Specific topics within this learning module included how to promote autonomy and responsibility when adolescents want greater independence, information about teen development and how this affects teens with T1DM, strategies to build teens' skillset, and techniques to effectively divide responsibility between parent and teen. The prototype also included an outline for the full program, indicating the content of the 6 sections: "Being a Parent," "Parents as "I've had parents tell me that they choose not to talk about diabetes because it's too stressful for the family." "Parents need to know how to talk to their kids without putting them on the defensive."
Transferring responsibility to your adolescent "I get frustrated with him when he's not being responsible, but then I get mad at myself for getting mad at him, because I realize he has a lot more on his plate than any kid I know." "I have to prepare him for college and that scares me to death."
"Some of the biggest challenges for the parents are 'am I OK to step back?' They want to give them that freedom and yet they're very scared about letting them develop into that independence." "Independence is the big issue." Understanding the emotions parents experience "I feel guilty." "It can be a depressing thing." "I can't really tell her how worried I am." "It's always on the back of our minds . . . it's difficult." "There's a lot of fear that their kid is going to die." "It's a time of a lot of conflict and ambivalence about letting go and keeping it safe and then getting worn out with trying to keep the faith."
Taking care of yourself "I don't have any resources . . . I don't have anybody that understands what I experience, what I go through, nobody." "I think the most helpful resource is just the experience of other people who dealt with diabetes for a while." "There's a lot of guilt with parents-'am I too strict? Too nagging? Too babyish?'" "Parents need permission that they can relax too."
Partners," "Communicate," "Letting Go," "Getting Emotional," and "You Matter." To describe the direction and content to be included, brief summaries were provided for the 5 undeveloped sections.
Phase III: Evaluate Web-Based Program Prototype
Recruitment methods for this phase were the same as those used in phase I. To ensure that we addressed their initial recommendations, the sample included a portion of the participants from phase I (33% of parents and 22% of providers) while all other participants were naive to the program. In this phase, we conducted phone interviews with 53 parents, 18 of whom had participated in phase I. Demographics of parents and their adolescent were similar to the phase I sample (Table 4) . Online surveys were conducted with 27 health care providers, 6 of whom had participated in phase I. Similar to the first phase, providers represented different health professions, were primarily female, and were white, with the majority having over 5 years of experience (Table 5) . After informed consent was obtained, parents were provided a link to the program and asked to review the prototype of the website. Parents were asked to review the website prior to the phone interview and were directed to specific pages during the interview to provide detailed feedback and comments. Parents were asked to discuss their initial reactions to the website, what they liked, disliked, and anything that came to mind as they navigated through the program. The emphasis was on a constructive critique of the program, rather than approval, so that the program could be improved to meet their needs. Additional questions explored parental response to the overall content, the navigation structure of the website, and interactive features that aimed to enhance engagement.
Similar to the process for parents, providers were sent a link to the program and asked to review the prototype of the website. They also received a link to a secure online survey eliciting their perception about the accuracy of content, clarity and usefulness of content, and the likelihood they would recommend the tool to families in their practice.
Parent interviews were audio-recorded and transcribed verbatim. Thematic content analysis, as previously described for phase I, was used to analyze interview data as well as open-ended questions from the provider survey. 30 Descriptive statistics were used to summarize the health care provider survey data.
Results
Parents demonstrated enthusiasm and support for the prototype and offered insightful feedback about its strengths and areas for improvement. As one parent stated, "It's a wonderful idea and so important!" and "I want you to hurry up and finish this so I can use it." Numerous others shared sentiments similar to one parent, who indicated, After my first phone interview, I was wondering why in the world anyone would want to create ANOTHER website about diabetes, when there was so much information out on the web. After seeing this, I say "BRAVO!" It was nothing like I expected . . . it's really wonderful!
In their remarks, parents also emphasized how the site felt authentic to their experiences and filled a gap in currently available resources. One parent communicated that the site was very comprehensive and "brought a lot of things that you might have to find bit by bit on other pages."
When asked about the content of the site, parents generally felt that the 6 content themes were comprehensive, relevant to their experience, and offered useful information. Quite a few parents commented that the 6 themes taken together felt very comprehensive. One explained, "I like the messages of the six things and those are all things I want to drill down and learn more about. I can relate to all of those topics."
Many parents expressed that the program would be extremely helpful as they navigate the teen years and many found the prototype itself to be helpful (eg, "Overall, this would be beneficial. I can see parts that would be really helpful for me."). One parent explained, "All of the ones [topics] you have here have been an issue for us in parenting an adolescent who is type 1." Another commented on the topics and the ease of moving through the website, indicating, "I like the themes because it lets you kind of choose where you want to be." Many parents spoke about how the website "engaged" them and held their attention. In fact, when asked what they liked best about the website, parents often described the interactive features. For instance, one parent conveyed, "I really like all the interactive kinds of exercise you have there. They definitely are engaging me," while another referencing the utility of these exercises explained, "I love tools and tips and tricks because I am looking for tools, tips and tricks to help me!" Parents validated the importance of including both the parent and adolescent perspective in the program and the focus on actionable information and problem solving. They felt that integrating "real issues and real-life families" as well as "tips and tricks" from other parents throughout the program validated their experiences, helped them to connect to the material, and offered meaningful information they could apply to challenges they encountered on a daily basis. In their comments, many parents shared additional topics they felt could be included such as how to work with adolescents who do not like to talk about diabetes; depression, drugs, and alcohol and how to discuss these topics with teens; and parental sleep deprivation (due to checking their adolescent's blood glucose during the night).
Providers were equally as enthusiastic about the prototype (Tables 6 and 7 ) and felt that the content themes were relevant and important. For instance, one indicated, "I think the six topic areas were well thought out. Each topic interplays nicely with each other and is an important area to discuss." Providers commented on the extent to which they felt the content was engaging and identified the interactive features as particularly valuable for parents. One provider explained, "I LOVED the interactive features. I think it really made the website more interesting and will hold the interest of parents. It is much more of a tool than I was expecting."
When asked about their likelihood of recommending the program to families in their practice, the majority of health care providers indicated they were likely to recommend the website to parents in their practice and commented on the utility of this program. To this end, one stated, "Wow! This is something I have thought about and you put it together so nicely. It fills a void we have in our current practice and is such a great resource. . . . A chronic illness can so easily drain a family and they really need empowering resources like your website!" while another expressed, "I honestly haven't seen anything like this and I think it would be very helpful for many parents and families. I wish I could recommend it to my families now."
Parents and providers also gave constructive feedback to guide the development of the complete program. While the majority parents responded favorably to the overall look of the website and many described the Providers rated each item on a scale of 0 to 10, with 0 being "not interesting/useful/etc" and 10 being "very interesting/useful/etc." a n = 26 due to unanswered survey items.
prototype as "clean" with "clear, nice clean lines" and indicated it was "definitely approachable," a number of parents provided recommendations for improving the overall look and feel ("less clinical, more exciting"). Parents also suggested greater clarity for titles of content modules, and providers in particular expressed the need to ensure content was written for those with lower health literacy levels. Providers also recommended having content delivered in shorter segments and including more graphics and visuals.
Discussion
In this multiphase study, parents and providers of adolescents with T1DM expressed interest in and enthusiasm for an eHealth program to address the challenges of transferring diabetes care from parent to adolescents while simultaneously maintaining parent involvement and positive communication. 32 Parents and providers also identified the inherent challenges of diabetes selfmanagement during adolescence, the need for more resources, and a lack of time during clinic visits to address their concerns. While further evaluation of the use and effect of this eHealth program for parents of adolescents with T1DM is ongoing, there are several important clinical and research implications of this study.
Results of this research move beyond other qualitative and quantitative studies that have identified challenges associated with parenting an adolescent with T1DM, 33, 34 to learn from parents about their needs associated with these challenges and their preferences for how to improve their capacity to do so. Our data offer actionable findings to inform specific targets for education and intervention that may assist parents in gaining the knowledge, skills, and insight to help with the successful transfer of responsibility to adolescents and to care for not only their youth Encourage self-care in parents and stress the importance to adolescent health Encourage parents to seek support with other parents of adolescents with T1DM Refer to social media resources as appropriate but also themselves throughout this developmental phase. Offering parents strategies, coping skills, and concrete suggestions for how and when to safely transfer care responsibilities to their preadolescent or adolescent may enhance their ongoing involvement throughout adolescence. By helping adolescents and parents share their perspectives on specific challenges and promoting understanding and collaborative problem solving, 35 parents may gain concrete and usable skills that can also increase their well-being. All of these activities, which increase parental capacity to care, can contribute to reducing parental stress and anxiety during these transition years. In addition, assessing parental stress, anxiety, and depressive symptoms during the adolescent years with preventive care provided by social workers and/or clinical psychologists is warranted as recommended in the standards of care for adolescents with T1DM. 6 Additional strategies to support parents during this developmental transition are provided in Table 8 .
Further research on strategies to support families during the preadolescent, adolescent, and young adult years is recommended. Including stakeholders (parents and adolescents) and other professional perspectives (health care providers, web designers, researchers) in the development of complex interventions enhances the likelihood of meeting the needs of the intended audience (in this case, families and providers). In future research, ensuring the inclusion of voices of families and providers from diverse racial and ethnic backgrounds is indicated. Despite the widespread uptake of digital use across adults from diverse racial and ethnic backgrounds, it was challenging to recruit families of diverse race/ethnicity in this study.
Supportive care for parents of adolescents with T1DM is needed. Ongoing development and evaluation of eHealth programs for parents of adolescents with T1DM is one strategy to address parental distress, enhance parental involvement during the adolescent years, and support adolescent independence, thus improving health outcomes for adolescents with T1DM and parents. The use of eHealth programs (web-based or mobile apps) may be particularly attractive to families and health care providers who have many competing demands. Thus, eHealth programs offer great potential as an adjunct to clinical care and a way to meet the needs of this high-risk population. eHealth programs will optimally be linked to clinical care for access to more in-depth support or treatment, when indicated.
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